Crypt abscesses allow prolonged apposition of activated neutrophils to the epithelial surface of the colon. Adhesion of neutrophils to both the vascular endothelium and basolateral epithelial membrane share common effector molecules but are distinct processes. This study aimed to define the mechanisms that effect adhesion, independent of transmigration, to the apical epithelium. HT29 (cl 19A) cells were grown to confluency and incubated with neutrophils under conditions of: (i) neutrophil stimulation with phorbol-myristate-acetate; (ii) monolayer stimulation with interferon gamma, tumour necrosis factor a (IFNy, TNFa); and (ill) recent epithelial cell trypsinisation. These experiments were carried out in the presence of neutralising antibodies to CD18, CD1lb, LFA-1, E-selectin, P-selectin, intracellular adhesion molecule 1 (ICAM-1), and ICAM-2; a novel CD11b/ CD18 antagonist, neutrophil inhibitory factor (rNIF); adenosine receptor agonists (5'N-ethycarboxamido adenosine/N6-cylopentyladenosine (NECA/ CPA)) and a platelet activating factor (PAF) receptor antagonist lexipafant. Adhesion of stimulated neutrophils to resting monolayers was Mac-i, CD18 dependent and ICAM-1, ICAM-2, E-selectin, P-selectin, PAF independent. Cytokine activated monolayers exhibited higher binding of neutrophils which was inhibited by rNIF and aCD18. Recently trypsinised monolayers bound neutrophils in a CD11b/CD18 and CD18 independent manner. Adenosine agonists failed to influence neutrophil adhesion under any condition. This study shows neutrophil adhesion to apical epithelial membranes is similar to that at the epithelial basolateral membrane, though different to that seen at the vascular endothelium. These results highlight regional differences in neutrophil adhesion molecule usage.
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Vasodilation, oedema, leucocyte chemotaxis/ activation, and tissue destruction are features of acute inflammation. 1 In acute colitis, activated neutrophils are the major effector cells of this inflammatory response, releasing interleukin 11 (IL-13), IL-6, IL-8, tumour necrosis factor a (TNFa), leukotriene B4, platelet activating factor (PAF), proteases, and products of the respiratory burst reaction.24
Mucosal recruitment of neutrophils involves sequential adhesion and transmigration across endothelial, lamina propria and epithelial compartments.5 Subsequent adhesion to apical epithelial membranes results in activated neutrophils persisting in crypt abscesses with local release of chemotactic, chemoactivating, and, possibly, bactericidal substances. 6 7 This localisation is of importance in the light of an increased translocation of luminal bacteria and their products associated with inflammatory bowel disease (IBD).8 Furthermore, the products of neutrophil localisation at epithelial surfaces may mediate mucosal leucocyte recruitment in IBD.9
Significant differences exist in the mechanisms employed by neutrophils to translocate across endothelial or epithelial cell layers. 10 11 Neutrophil recruitment from the circulation into the interstitium during inflammation is an extension of a physiological process across an adapted, permissive cell layer. Such transmigration involves the tethering, rolling, tight adhesion, and diapedesis of marginalised flowing cells.'2 In contrast, the egress of neutrophils to form crypt abscesses occurs under static conditions, disrupts cellular tight junctions, and is independent of further migration.'3 In addition, at the external epithelial surface both crypt architecture and intercellular adhesion are required to enable the continuing presence of crypt abscesses in the face of luminal flow and neutrophil mediated increase in fluid secretion. 5 14 Neutrophil adhesion to the vascular endothelium as described in the 'traffic signal' paradigm, results from the sequential recruit- effect completely. rNIF had a similar, though less potent effect (29.4(1.6), n=33). Once again, aICAM-lA failed to block stimulated neutrophil adhesion (155(6-4), n=8) (Fig 2) . aLFA-1 showed no effect on neutrophil adhesion (14.8(0.2), n=16). ICAM-2 did not block neutrophil adhesion (1 36(0.5) v 14(0.3) (Fig 3) .
A further adhesion assay was performed to compare the efficacy of rNIF and aCD 18 with (a) a mixture of aCD 1 lb monoclonal antibodies and (b) a combination of rNIF, aCD1 lb mix, and aLFA-1. To confirm the lack of effect of aICAM-1 blockade another neutralising antibody was used, aICAM-IB. The results are presented in Fig 4. Adhesion of unstimulated neutrophils to HT29 monolayers grown to confluency over 18 hours was high (85(4), n=24), though it was inhibited by adding monensin to cultures at the time of epithelial cell plating (47(9), n=24, p<0.001). aCD18 and rNIF combined did not block this adhesion (89(10), n=8). Higher concentrations of monensin led to poor HT29 cell adhesion to culture plates, rendering monolayers unsuitable for neutrophil adhesion assay.
Discussion
The apical membrane of polarised epithelial cells is an important site for the interaction between luminal contents and mucosa. 23 The formation and persistence of neutrophil aggregates in the colonic crypts is a feature of both inflammatory bowel disease (ulcerative colitis, Crohn's disease) and of infectious colitis, contributing to observed clinical features.' 24 Retention of activated neutrophils at this site results in the local release of inflammatory mediators and increased luminal chloride secretion.5 The relative influences of shear force, chemotactic stimuli, and polarised antigen expression, distinguishes conditions at endothelial and basolateral epithelial membranes from those in the crypt lumen. Consequently, to mimic these conditions in vitro, we have employed a static model, using a differentiated epithelial cell line that demonstrates polarity both in structure and in response to stimuli.21 25 Neutrophil adhesion (both stimulated and unstimulated) to the apical epithelial membrane (resting and cytokine activated) was shown to be CD18 and CD1 lb dependent, but independent of ICAM-1. These findings are similar to those reported for transmigration related adhesion to epithelium in studies utilising the chemotactic agent fMLP.10 Similar ligand utilisation has also been noted at the bronchus, despite relatively high constitutive expression of ICAM-1. 26 It cannot be discounted that the inability of the aICAM-l antibodies to neutralise adhesion was caused by variant ICAM-1 epitope expression by the cell line under study.
Neutrophil inhibitory factor is a novel glycoprotein from the canine hookworm that binds to the I domain of CD 1 lb/CD 18 and inhibits neutrophil function including adhesion.30 31 Recombinant NIF has been shown to inhibit neutrophil adhesion and transmigration through endothelial monolayers.32 This study shows that rNIF has similar inhibitory properties at the epithelial surface. The disparity in effect between rNIF and a mixture of characterised CD 1 lb neutralising antibodies is similar to that effect seen with endothelial monolayers and highlights the contribution of particular adhesion molecule epitopes to specific functions. The demonstrated lack of efficacy of E-selectin and P-selectin blockade is consistent with the limited distribution of these molecules and emphasises differences in mechanisms of neutrophil adhesion between endothelial and epithelial cells. 33 Mucosal inflammation is associated with recruitment of leucocytes, synthesis and release of cytokines, and the up-regulation of adhesion molecules.'9 20 34 Stimulation of epithelial monolayers with IFN^yITNFoL, resulted in increased adhesion both of stimulated and unstimulated neutrophils. We observed this process to be CD 18 dependent and ICAM-1 independent. However, the relative contribution of CD 1 b/CD 18 seems to be diminished, and neutralising CD 18 does not return adhesion to those levels seen with unstimulated epithelial cells. Increased adhesion of unstimulated neutrophils to recently trypsinised epithelial cells (18 hour group) was not blocked by aCD 18 or rNIF. These findings suggest that distinct and as yet unidentified epithelial cell adhesion molecules might be involved in the binding of neutrophils under these conditions. Interruption of epithelial cell protein translocation by treatment of the HT29 cell monolayer with monensin partially prevented the increase in neutrophil adhesion. This suggests that the ligands present on the epithelial membrane are not structural molecules and are dissimilar to those utilised by epithelial cells for adherence in culture. In a supplementary experiment (data not shown) we incubated recently trypsinised cells with sodium heparin to block surface heparin binding chemokines, as described for studies with monocytes35 -to no effect.
The physiological effects of adenosine and the pro-inflammatory membrane phospholipad metabolite PAF are well recognised. [36] [37] [38] Neutrophil adhesion to endothelium is enhanced by activation of adenosine A, receptors. Binding to the A2 receptor results in inhibition of the respiratory burst reaction and decreased binding to fibrinogen.39
Furthermore, neutrophil mediated induction of colonocyte adenosine synthesis is a feature of neutrophil-epithelial interaction.5 Incubation of both neutrophils and epithelial monolayers with CPA (A,) or NECA (A2), failed to influence neutrophil adhesion. Whether adenosine released or formed at the apical epithelial membrane has a cytoprotective function impairing neutrophil oxidative burst, in addition to mediating fluid outflow, is unknown. The lack of efficacy of lexipafant in this study suggests that an autocrine effect by PAF on stimulated neutrophils does not influence adhesion to epithelium significantly. It cannot be excluded that any potential stimulatory action of epithelial PAF is surpassed by that of PMA.
In conclusion, retention of activated neutrophils at the external epithelial surface alters membrane function and maintains a chemotactic gradient across the mucosa. The mechanisms underlying this process are distinct from those described at the vascular endothelium. Our model suggests that neutrophilapical membrane adhesion is CD 1 b/CD 18 dependent with ICAM-1, ICAM-2, PAF, E-selectin, P-selectin and adenosine contributing little.
